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NOTES 1229 
Contributions to the development of this equipment by 
members of the staff of Autoclave Engineers, Inc., are 
gratefully acknowledged. Thanks are also due to K. Haag 
and W. M. McKewan for their helpful suggestions in 
designing the equipment described here. 
1 W. J. Bierman and M. Heinrichs, Can. J. Chern. 40, 1361 (1962). 
2 W. M. McKewan, "Kinetics of Reduction of Iron Ores," in J. F. 
Elliott, Ed., Steelmaking: The Chipman Conference (M.I.T. Press, 
Cambridge, Mass., 1965), pp. 141-155. 
3 Fabricated by Autoclave Engineers, Inc. 
• Universal Cyclops Co. 
• E. B. Schultz, Jr., H. L. Feldkirchner, and E. J. Pyrcioch, Chern. 
Eng. Progr. Symp., Ser. 57, No. 34, 73 (1961). 
Lithium Ion Emitter for Low Energy 
Beam Experiments 
O. HEINZ 
Naval Postgraduate School, Monterey, California 93940 
AND 
R. T. REAVES 
Spectra-Mat, Inc., Watsonville, California 9SfY16 
(Received 1 April 1968) 
THE fact that the crystalline compounds Li20' A120 a 
·2Si02 (.8-eucryptite) and LbO·AbOs·4Si02 (spodu-
mene) will emit Li+ ions when heated above 1000°C has 
been known for many years, and a number of papers deal-
ing with the preparation of the compounds and their use for 
the production of ion beams have appeared in the litera-
ture. I We wish to report a compact Li+ emitter particularly 
suited for low energy experiments 100 eV) where 
beams with small energy spreads are essential. Since 
energy spreads of less than 0.5 eV are usually desired it is 
important that all points of the emitter surface be at the 
same potential. To obtain optimum beam focusing it is 
HELIARC 
'
1.26-111 POROUS W PLUG CONTAINING 
die II LITHIUM EMITTER I,l, I i .. 
0.08 0 f ' '0 BIFILAR HEATER 
1.34 0" f /, ° MOLYBDENUM I 0 . f ° BODY 
MOLY (RUTHENIUM 
DIMENSIONS IN em 
BRAZE 
RE -3 STRUTS 
AT 120· 
LEADS 












900 1000 1100 1200 
EMITTER TEMPERATURE-·C 
38 55 76 103 
FILAMENT POWER-watts 
FIG. 2. Total emission current as a function of input power and 
emitter surface temperature. Insert shows experimental arrangement. 
also desirable to have a geometrically well-defined emitter 
surface. 
Figure 1 shows the emitter consisting of an indirectly 
heated, highly porous, tungsten plug into whichJhe emitter 
material has been fused. The molybdenum body holding 
the plug is machined with a solid partition for complete 
isolation between the emitter and the heater cavity. The 
three rhenium support struts are brazed at a 120° spacing 
with a moly/ruthenium eutectic at 2100°C in hydrogen, 
yielding a ductile and versatile mounting tripod. The 
heater is a noninductively wound bifilar coil with heliarc 
welded rhenium leads solidly potted into the body cavity. 
The high purity Ab03 potting mix is H2 fired at 1900°C 
which completely immobilizes the heater. The emitter 
matrix, a specially prepared, extremely porous, tungsten 
disc with a density of 30% (70% porosity) is heliarc 
welded to the moly body. The ,8-eucryptite or spodumene 
powder is placed on the face in controlled amounts and 
melted into the porous disc at approximately 1650°C in a 
hydrogen atmosphere. Beams of either 6Li+ or 7Li+ can be 
produced by using isotopically purified Li2COa in the prep-
aration of the powder. A simple heat shield consisting 
of three dimpled layers of 0.005 em moly sheet (not shown 
in Fig. 1) is attached around the assembly. 
The observed total emission current as a function of 
emitter power and emitter surface temperature (as mea-
sured with an optical pyrometer) is shown in Fig. 2. 
1230 NOTES 
Although the currents are small they are more than 
adequate for most low energy beam experiments where 
space charge limitations usually restrict the beam to lower 
values than those shown in Fig. 2 (see Haskell et al.2 for 
numerical values). A mass analysis of the beam indicates 
that there are small amounts of other alkali ions present 
('" 1 %) when the emitter is first fired up, but that after 
a few hours of running the impurities decrease to about 
0.01% resulting in a lithium ion beam of very high purity. 
Measurements of the energy spread, some of which 
were reported by Haskell et al.,2 were carried out using a 
1270 cylindrical electrostatic energy analyzer with a resolu-
tion M/E=0.014. The beam was decelerated to energies 
below 20 eV to assure a sufficiently small M for the 
analyzer. The measured energy spread of the beam (full 
width at half maximum) was 0.24 eV, which agrees with 
the width at half maximum of a Maxwellian energy dis-
tribution at 1440 K of 0.22 eV. 
While our experience with sources of the construction 
reported here is still rather limited we have operated one 
emitter (6Li+) about 200 h and another one (7Li+) m 
excess of 100 h without observable deterioration. 
1 J. P. Blewett and E. J. Jones, Phys. Rev. SO, 464 (1936); R. A. 
Hatch, Am. Mineralogist 28, 471 (1943); S. K. Allison and M. 
Kamegai, Rev. Sci. Instr. 32, 1090 (1961); F. M. Johnson, RCA 
Rev. 22, 427 (1962); A. Septier and H. Leal, Nucl. Instr. Methods 
29, 527 (1964). 
2 H. B. Haskell, O. Heinz, and D. C. Lorents, Rev. Sci. Instr. 
37, (fJ7 (1966). 
Ramp-Controlled Pulse Generator for Use 
in Repetitive Data Collection 
P. PETROVICH 
Bell Telephone LaboratOries, Incorporated, 
Mu"ay Hill, New Jersey 07974 
(Received 11 April 1968) 
THIS note describes a ramp-controlled pulse generator 
which, for a given input voltage ramp E t , develops 
a series of output pulses spaced at a selected constant 
voltage interval M t, which, for a sufficiently slow sweep 
rate, is essentially independent of the ramp voltage sweep 
rate. We may write M,= f oll'''<dEt/dt)dt, where (dEt/dt) 
is the ramp voltage sweep rate. If the ramp is perfectly 
linear, (dEt/dt) is constant and At is constant. If E t is not 
linear, the interval At is adjusted automatically so that this 
interval always corresponds to a selected M t• The genera-
tor also provides an accurate starting pulse that corre-
sponds to a given value of ramp voltage for use in repeti-
tive data taking. In other words, this pulse generator 
provides an initial pulse when the ramp voltage E t reaches 
a specified value, and provides a series of pulses following 
this separated in voltage by the specified amount M t• 
The need for a circuit of this type arose in the ion 
neutralization studies of H. D. Hagstrum and G. E. 
Becker.l.2 In these experiments it is necessary both to 
have a smooth ramp and a series of ramp-controlled pulses 
to shift channels of a multichannel analyzer used to aver-
age digital data of a function dependent on the ramp 
voltage. It is not possible to use as the ramp in the ion 
neutralization experiment the step function ramp supplied 
by the multichannel analyzer for analog display of the con-
tents of its memory since the voltage steps would introduce 
prohibitively large inductive currents. This pulse generator 
should find application when digitized data are to be stored 
in a multichannel analyzer as a function of a smooth and 
slowly variable voltage. The circuit has been extensively 
tested with E t in the range from -S to +20 V, and 
(dEt/ dt) of the order of 0.1 V / sec. It has been found that 
the value of E t corresponding to the initial pulse is repro-
ducible within ±0.OO3 V and the value of M t is held 
constant within ±0.OOO2 V. 
The circuit of the pulse generator is shown in Fig. 1. 
The input ramp voltage E t is fed to the differentiator 
which uses a model 1643, Burr-Brown, chopper-stabilized 
semiconductor operational amplifier. The critical radian 
frequency We= (1/R2C2) = (1/R1C1)=S rad/sec and the 
effective circuit gain is 24. If (dEt/dt) changes too rapidly, 
the differentia tor does not give a true derivative. To keep 
the error in the derivative smaller than 1%, the rate of 
change of the slope (dEt/dt) must correspond to a fre-
quency smaller than 10% of We. 
For an input voltage ramp with a sweep rate of +0.1 
V /sec, the maximum differentiator output voltage devel-
oped across Helipot Ra is -2.4 V. Diode CRt prevents 
any large positive voltages from appearing on the output 
whenever the ramp sweep rate is made negative. The 
differentiator output is adjusted for constant sweep rate 
to a nominal -1 V dc with Helipot Rs. Feeding this dc 
voltage to a voltage-to-frequency converter gives positive 
output pulses that have a repetition rate that is directly 
proportional to the voltage ramp sweep rate. The voltage-
to-frequency converter used is a model 2211B Dymec 
with a ±1 V rated input and 100000 pulses/sec rated 
output. 
The converter output then goes to a preset accumulator 
that can be set to count up to six decades. The preset 
accumulator used is a Beckman model6004A. In practice 
the number of counts accumulated can be varied from 1000 
to 999999. This corresponds to a voltage interval AE t 
anywhere in the range 1 m V to 1 V for a constant ramp 
sweep rate of 0.1 V /sec. The output of the accumulator is 
connected directly to the external dwell time input of the 
